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AN 82 TO 84 PERCENT EFFICIENT, SMALL SIZE, 2 AND 4 STAGE DEPRESSED COLLECTaR* 
FOR OCTAVE BANDWIDTH HIGH PERFORMANCE TWT'S 
H. Kosmahl and P. Ramins 
National Aeronautics and Space Administration 
Lewis Reseorch Center 
Cleveland, Ohio 


In a joint USAF-NASA program, Lewis Research Center is carrying 
out an efficiency improvement program on traveling wave tubes (TWT's) 
for use in electronic countermeasure (ECM) systems by applying multi- 
stage depressed collector (MDC) and spent beam refocusing techniques 
developed at Lewis. 

Analytical Program 

In the analytical part of the effort, three-dimensional electron 
trajectories are computed throughout the slow-wave structure of the TWT 
(10 to 18 percent electronic efficiency, 4.8 to 9.6 GHz bandwidth, and 
330 to 550 W continuous wave power output). Trajectory computation 
continues through the spent-beam refocuser and the depressed collector. 

Both refocusing system and MDC designs are produced by reiterative 
confutations. Collector efficiency, collector losses and overall 
efficiency are computed. 

The refocusing system designed for this TWT allows a controlled 
beam expansion to the point that space charge becomes negligible at 
the MDC entrance. Sinwltaneously, the standard deviation of the radial 
velocity (angular spiead) is reduced. 

The sunnary of spent beam parameters before and after refocusing is 
shown in figure 1. Initial and final radii, axial velocities and angles 
of trajectories are shown. Three important results may be extracted 
from the table; The average final beam radius is 2.7 times larger than 
the radius before refocusing, secondly all negative angles disappeared 
after refocusing and, thirdly, the standard deviation has been reduced 
by a factor of 2.4 for the exit angles. Thus, the beam became more 
laminar and is much less dense due to refocusing. 

The three-dimensional theory for ideal tubes with symmetric, circular, 
and optimally refocused beams predicts MDC efficiencies at mid -band of 
82 and 85.5 percent for the two and four stage ^tt)C's, respectively, 
designed for this TWT. 
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The application of computer programs and some experimental results 
permit a pretty accurate determination and identification of collector 
losses, shown in figure 2. The use of larger collector sizes and more 
depressed stages than present AF constraints allow would push the collector 
efficiency above 90 percent for ECM TWT's. 

The Second ar i es 


in spite of the fact that most electrons are collected in regions 
of negative fields which suppress secondaries, a small percentage of 
primaries hit the unfavorable side of plates and some elastically 
reflected primaries are also generated. Both groups of secondaries 
cause a loss in of 2-4 percent. 

Experimental Program 

The Teledyne-MEC TWT type No. H5897C as modified for use in this 
program and its performance characteristics are shown in figure 3. A 
refocusing system consisting of two coils (eventually to be replaced 
by a permanent magnet) has been added, and the TWT is mounted on a 
10-inch UHV flange. A matching flange exists on the vacuum system 
used for MDC tests. The UHV valve was designed to keep the TWT under 
vacuum during MDC installation and changes, facilitating startup and 
enabling many collector changes without cathode activation problems. 

Prior to collector tests, the spent beam is analyzed for the 
distribution of its angular and axial energy. Figure 4 shows the 
result. Note that the computed curve did not include the taper whose 
presence and parameters were unknown to us. The taper gives rise to 
the second plateau, whose presence is very beneficial to the design 
of efficient collectors with only a few stages. 

During an MDC test, with the TWT operating, the following are 
varied to optimize performance: Individual Collector Stage Voltages; 

Refocusing Coil Currents; Refocusing Coi l/Po1epltce Locations; Var- 
iable Spike Length. A novel data acquisition system is used to op- 
timize MDC performance under various conditions (frequency, level of 
saturation, etc.). This system provides an analog real time readout of 
P(Recovered) as any of the above are varied. Maximizing P(Recovered) is 
identical to maximizlag the true MDC efficiency. Data on all tests is 
obtained with an automated data acquisition system. A steady state is 
established and 100 scans are taken on all measurements and averaged to 
improve accuracy. 

An experimental program was conducted to optimize the TWT/Refocus i ng 
System/MDC performance. This led to demonstrated MDC efficiencies (at 
maximum rf output frequency of the TWT) of 82 and 84 percent for a two 
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anfi four stage MDC, respectively. These results were obtained with 
a single, rather complex, HOC geometric design consisting of six 
collecting elements (electrodes), shown in figure 5. These include 
electrodes at ground and cathode potentials. The number of MDC 
stages is defined as the nun^er of distinct voltages needed to 
operate the TWT/MOC other than ground and cathode potentials. In 
the 4 stage configuration, the four intermediate collecting elements 
were operated at four different voltages; in the two stage configu- 
ration, they were electrically connected as two pairs. 

An experimental program aimed at simplifying the geometric design 
of the two stage collector led to the design shown in figure 6. 

The same collector with plots of a few equipotentlal lines is 
shovwi In figure 7. Note the presence of convergent lenses in the 
vicinity of the electrodes and on the axis at a normalized potential 
of 0.5. These convergent lenses are useful in very small size 
col lectors-to prevent excessive beam spreading, but are not required 
in larger size collectors for maximum efficiency. 

The performance of the MDC's, optimized at 8.4gHz (the maximum 
rf output point), is compared in figure 8. The TWT/MDC performance at 
and below saturation is shown in figures 2 to 4. For these tests, 
all MDC active collecting surfaces were coated with a secondary electron 
suppression coating (soot). 

Very substantial efficiency enhancement was demonstrated by each 
of the MDC's. The simplified two stage design should be readily adapt- 
able to practical TWT's used in systems. The size of the collector is: 

5 cm diameter by 7 cm high (inside dimensions). Further small improve- 
ments are possible. 
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Figure 1. - Electron spectrum before and after refocusing. 
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’LOSSES DUE TO THIS CAN VARY WIDELY. 


Figure 2. - Identification of collector tosses. 



Figure 3 . - MEC TWT typ. no. ABW7C schtmUic. 
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Figure 4 - Computed and measured energy distribution 
curve for the 4 8 - 9. 6 GHz MEC 500 watt CW TWT. 
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Figures. - Experimental 2- and 4-stdgecollecl<r. 
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Figure 6. * Simple ^metry, 2-stage collector. 



Figure?. - Simple geometry, 2-sta^ collector. 






«MOC EFF OPTIMIZED AT 8.4 GHZ (SATURATION). 
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Figures. 'TWT/MDC perlwmaiKe. 
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*IASCD ON rf OUTPUT POWER AT THE FUNDAMENTAL FREQUENCY. cs-7«oai 
F^t 4, * TWT/2*stagi MOC performance. (Optimized at 8. 4 (^z (tati'rMion). I 
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•BASED ON rf OUTPUT POWER AT THE FWlDANeiTAL FREQUENCY. cs- 79029 


Figure 10. - TWT/4-stage MOC performance. (Optimized at 8.4 GHz (saturation),) 
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*BAr>ED (»J rf OUTPUT POWER AT THE FUNDAMENTAL FREQltENCY. cs- 79030 


Figure IL - TWT/2-stage MDC performance. Sin^lified MDC design; 
OfRimized for 8. 4 GHz (saturation). 




















